Modeling Temperature-Dependent Ion Channel Protein Structural Changes with Rosetta  by Yang, Fan et al.
Monday, February 4, 2013 229asystem, the software calculates 5 million GSA steps in under 6 hours using 4
processors in one node.
Predicted structures can be refined with molecular dynamics simulations and
used to study proteins whose conformation can not be determined with exper-
imental methods. These structures can be used in protein engineering, drug de-
velopment and biotechnological research.
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Refinement of low-resolution protein structures is still a major problem despite
the advancements in structure prediction and refinement methods. We have re-
cently developed a new approach, which mimics the mechanism of chaperones
that rehabilitate misfolded proteins by causing them to unfold, and then giving
them a new chance to refold. The target protein is unfolded by selectively pull-
ing different ends, using geometric based simulation techniques, FRODA (1),
and then refolded by the zipping and assembly method (ZAM) (2-3). During
these steps, the unfolded trajectories are used to identify conserved backbone
dihedral angles and hydrophobic-hydrophobic contacts, and then this acquired
information is used as energetic restraints to enforce contacts and dihedral an-
gles during refolding, through 10ns of replica-exchange molecular dynamics
using the AMBER force field with implicit solvation. We have tested this re-
finement method on CASP9 and CASP10 targets, and observed that usually
misfolded parts of the chain unfold first and most importantly refolds to pro-
duce a better refined structure.
1. de Graff, Adam M.R.; Shannon, Gareth; Farrell Daniel W.; Williams, Philip
M.; Thorpe, M.F. Biophys J. (2011) 101(3):736-744
2. Ozkan, SB; Wu, GA; Chodera, JD; Dill, KA Proc. Natl Acad. Sci USA
(2007) 104:11987-11992.
3. Glembo, TJ and Ozkan SB, Biophys. J. (2011) 98:1046-1054
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We have developed and combined several novel methods to improve protein
structure prediction from the amino acid sequence, and the structural refine-
ment of protein models. One of the most promising developments in protein
structure prediction are many-body potentials that take into account dense
packing, and cooperativity of interactions in protein cores. We developed
a method that uses whole protein information filtered through machine learners
to score protein models based on their likeness to native structures. Testing on
CASP 9 targets showed that our method is superior to the common DFIRE and
its derivatives as well as to the current version of RWPlus, both of which are
considered a standard in the field. By combing statistical contact potentials
with entropies from the elastic network models of proteins we can compute
free energy and improve coarse-grained modeling of protein structure and dy-
namics. The consideration of protein flexibility and its fluctuational dynamics
improves protein structure prediction, and leads to a better refinement of com-
putational models of proteins. We proposed a novel protein structural refine-
ment procedure based on Anisotropic Network Model (ANM) of protein
fluctuational dynamics and Go-like model of energy score. The starting struc-
tures were models from past CASP experiments. We changed positions of C-
alpha atoms using ANM, creating a new set of 250 structures from the initial
model, and computed energies of these structures using Go-like energy score.
The top 5 coarse-grained structures were fully rebuilt with BBQ and Scrwl4. To
remove bond stretches and the excluded volume clashes, short Molecular Me-
chanics simulations (up to 10,000 steps) were performed with OPLS-AA force
field and implicit solvent GBSA-OBC. The whole structural refinement process
was performed iteratively leading to the improvement of average RMSD from
3.8A to 2.6A in 50 iterations.
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Modeling methods increasingly attempt to close the gap between the number of
known protein-coding sequences to that of structurally resolved proteins, butthe results of these methods have been of mixed success. Adequate models
can be built for proteins with high sequence similarity to a structurally resolved
protein and occasionally modeling even succeeds in the absence of a good tem-
plate, but currently no method exists to reliably rate the quality of the models.
Many protein structure prediction methods rate protein models using an estab-
lished scoring function by comparing the energies of an ensemble of structures
and choosing the lowest energy members of said ensemble as the prediction.
The acceptance of theoretical protein models is limited in the life-sciences,
as currently no method exists to rate the quality of a protein model a-priori,
i.e. from the model alone.
Here we investigate an approach to provide an a-priori estimator of the quality
of a protein model using a free-energy scoring function[1], without comparing
it to a competing ensemble. We devised a N-dimensional statistical test based
on the per-residue energies of amino acids in a set of high-resolution experi-
mental structures. The quality of the protein structures can be assessed by com-
parison against these statistics. We were able to discriminate the low quality
models for 93% of the 160 proteins tested, which is increased further to
99%, when excluding proteins, which bind cofactors or DNA; interactions
not considered by the energy model or the training set. In combination with bi-
oinformatics based methods that exclude proteins that are not covered by the
scoring function, this measure for quality assessment of protein models may
help increase the acceptance of qualified theoretical protein models in the
life-sciences.
[1] Verma, A.,Wenzel, W. (2009). A Free-Energy Approach for All-Atom Pro-
tein Simulation. Biophys.J 96,3483-3494.
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We propose two new methods for the estimation of the quality of protein
models. MQAPmulti2 performs well when scoring hundreds of alternative
models, but also it can be applied when only a few models (~20) are available.
We optimized MQAPmulti (developed earlier by Pawlowski and Bujnicki) to
perform better when less than hundreds models are available.
The MQAPmulti2 prediction is based on three components: 1) TrueMQAP_-
component - scoring is based on statistical and agreement potentials; 2)
CLUST_component, which clusters models on the base of GDT_TS and
SQ_score (our modification of Q-score that works by estimating the structural
relatedness between two protein structures based on comparison of intramolec-
ular distances); 3) CORR_component, a correlation based method that com-
bines predictions of the TrueMQAP_componet with pair-wise models
comparisons measured by GDT_TS and SQ_score. Finally, all of these compo-
nents are used to predict the global quality of a model. To do so, on the base of
the number of input models, the program chooses one of 3 regression models
that describe the relationship between initial parameters and the global quality.
These three regression models were created for following numbers of input
models: 20, 150, 300 or more.
MQAPsingle2, that is a variant of the MQAPmulti2 program, that operates as
a quasi-single model MQAP. This method applies MQAPmulti2 algorithm,
however a model to be scored is not compared to the input models, but to
models generated by GeneSilico fold prediction metaserver.
MQAPmulti2 was trained and tested for CASP7th, 8th and 9th models dataset by
using 10-fold cross validation procedure. The value of Pearson’s correlation co-
efficient between MQAPmulti2 global score and the GDT_TS is 0.712, 0.819
and 0.917 for cases of 20, 150 and 300 or more available input models,
respectively.
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Temperature-sensing ion channels are thought to adopt different conformations
at varying temperatures, driven by a significant difference in free energy be-
tween the closed and open states. In support of this notion, we previously ob-
served with site-directed fluorescence recordings that pore region undergoes
substantial structural rearrangements during the heat activation of TRPV1
channels. Temperature-driven structural changes have also been suggested in
other protein regions and channel types. To reveal such structural changes,
we are exploring the Rosetta modeling method to predict channel protein struc-
tural differences at two different temperatures.
230a Monday, February 4, 2013Rosetta is a de novo/comparative protein structure modeling algorithm. As
one of the top-performing programs for protein structure prediction, it has
predicted protein structures with high backbone accuracies. As a test case,
we modeled the N-domain of Troponin C (NTnC) at both 4"f and 30"f,
for which NMR structures are known. Rosetta-predicted structures of NTnC
align with the NMR-determined structures at these two temperatures with
~ 3 A˚ backbone root mean square deviation. Our approach should be gener-
ally applicable to modeling temperature-dependent protein conformational
rearrangements.
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Amyloids are proteins that form fibrils. Many of them underlie serious dis-
eases, like Alzheimer disease. Recent studies indicate that amyloidogenic
properties can be associated with short segments of aminoacids, which trans-
form the structure when exposed. A few hundreds of such peptides have been
experimentally found; experimental testing of all possible aminoacid combi-
nations is currently not feasible. Instead, they can be predicted by computa-
tional methods. 3D Profile is a physicochemical method that has generated
the most numerous dataset. However, it is computationally very demanding.
Here, we show that dataset generation can be accelerated. Two methods to
increase the classification efficiency of amyloidogenic candidates are pre-
sented and tested: simplified 3D profile generation and machine learning
methods.
We generated a new dataset of hexapeptides, using modified 3D profile algo-
rithm, which showed very good classification overlap with ZipperDB
(93.5%). The new part of our dataset contains 1779 segments, with 204 clas-
sified as amyloidogenic. The dataset was applied for various machine learn-
ing methods. The most effective methods were Multilayer Perceptron and
Alternating Decision Tree with areas under ROC curve of 0.96, accuracy
of 91%, true positive rate of ca. 80%, and true negative rate 95%. A few other
machine learning methods also achieved a good performance. We showed
that the simplified profile generation method does not introduce an error
with regard to the original method, while increasing the computational effi-
ciency. Our new dataset proved representative enough to use simple statistical
methods for testing the amylogenicity only based on six letter sequences. Sta-
tistical machine learning methods such as Alternating Decision Tree and Mul-
tilayer Perceptron can replace the energy based classifier, with advantage of
very significantly reduced computational time and simplicity to perform the
analysis. Additionally, a decision tree provides a set of very easily interpret-
able rules.
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Obtaining the crystal structure of glycoconjugate is challenging due to the flex-
ibility of the carbohydrate chains. Alternatively, computational modeling,
which combines the primary sequence information of glycans determined by
the mass spectrometry and known N-glycan structure, is an appealing approach.
Here we present a survey of N-glycan structures of 35 different glycan se-
quences in the PDB, showing that N-glycan structures found on homologous
glycoproteins are significantly conserved compared to the random background.
This suggests that N-glycan chains can be confidentlymodeled to a glycoprotein
if there exists a template N-glycan structure whose parent glycoprotein shares
sequence similarity. On the other hand, N-glycan structures found on non-
homologous glycoproteins have not shown significant structure similarity.
However, despite that the global N-glycan structures are different, the internal
substructure of those N-glycans found on the non-homologous glycoproteins,
particularly, the substructure that are closer to the protein, showed significantly
similar structure. Increased interaction with protein might be responsible to the
restricted conformational space of N-glycan chains. Our results so far suggest
that computational structure prediction of N-glycan portion of glycoconjugate
using structure database would be effective, but different approaches must be
needed depending on the availability of template structure. In addition, we
also present a database for PDB glycan structural fragments (substructures)
as well as PDB glycan-protein database, which are useful for glycan structure
modeling.1180-Pos Board B72
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Bone sialoprotein (BSP), an acidic non-collagenous protein specific to bone, is
proposed previously to modulate hydroxyapatite (HAP) nanocrystal growth.
Two highly conserved phosphorylated acidic amino-acid sequences in BSP
are hypothesized as the functional motifs. Specifically, we choose one of
them, (Sp)2E8, where Sp represents a phosphoserine, as a model peptide to
study the interactions between BSP and the HAP (001) face. A bioinformatics
method helps predict the likely peptide conformations adsorbed on the HAP
surface, which, subsequently, is subject to further examinations using molecu-
lar dynamics simulations with the explicit solvent model. The bioinformatics
method predicts a Sp residue binds strongly to the surface, and the Glu residues
show propensity to form a helical conformation. Long-time molecular dynamic
simulations observe some variations of the sidechain orientations compared to
the bioinformatics-predicted conformation, however, the backbone structure
and the major binding features are largely preserved. In addition, no apparent
geometrical templating between the peptide residues and the studied HAP sur-
face sites is noticed, which implies that adsorption and subsequent crystal
growth modulation by BSP may be structurally non-specific.
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The dipole interaction model is a classical electromagnetic theory that has suc-
cessfully been able to reproduce the experimental circular dichroism (CD) for
the p-p* transitions for peptides and proteins. This theoretical model, pio-
neered by Jon B. Applequist, has been assembled into a package DInaMo
that is written in C and Fortran allowing for treatment of whole proteins. The
program reads Protein Data Bank formatted files of structures generated by mo-
lecular mechanics and molecular dynamics. Simple crystal structures need to at
least be energy minimized for use in the model because they do not contain all
the hydrogens. DInaMo reduces all the amide chromophores to points with an-
isotropic polarizability and all nonchromophoric aliphatic atoms to points with
isotropic polarizability; all other atoms are ignored. By determining the inter-
actions among the chromophoric and nonchromphoric parts of the molecule us-
ing empirically derived polarizabilities, the rotational and dipole strengths are
determined leading to the calculation of the CD spectrum for each molecule.
Theoretically predicted CD for a variety proteins (lysozyme, myoglobin, insu-
lin, and collagen) are compared with synchrotron radiation CD data. Theory
agrees with experiment showing bands with similar morphology and absorption
maxima for the p-p* transitions.
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Structural genomics initiatives have generated a massive quantity of high res-
olution structures and sequenced genomes from archaea, bacteria, viruses and
eukaryotes. These numbers are expected to grow rapidly within the coming
years. The available data constitute an invaluable resource for the prediction
of protein structure and function and will allow us to obtain a more comprehen-
sive structure-based understanding of biological function. The acquisition of
new biochemical functionality in the course of evolution does not necessarily
involve the transfer of whole genes, but may be limited to the transfer of func-
tional domains. In fact, most of a protein’s amino acids serve structural roles
and may exhibit a low degree of sequence conservation even among closely re-
lated genomes. Therefore, it is critical to identify and compare structurally re-
lated domains across a wide spectrum of organisms to reveal unique metabolic
functionalities.
This presentation will outline examples that have combined sequence align-
ments, homology modeling and biophysical approaches to predict function. In-
tegration of models with existing knowledge about genomic context,
biochemical pathways and sparse experimental data, such as small-angle
X-ray scattering and spectroscopic data, enables us to accurately identify
